The aim of this study was to determine the effect of Methyl-B-Cyclodextrin (MBCD) on capacitation of buffalo sperm. Frozen/thawed semen was incubated in the absence of capacitating agents (negative control), in the presence of 10 g/ml heparin (positive control) and of 1, 2, 4 and 8 mg/ml MBCD for 2 and 4h. At each incubation time, sperm motility was evaluated by phase contrast microscopy. Capacitation was assessed by the sperm ability to undergo acrosome reaction after lysophosphatidylcholine treatment, evaluated with viability by Trypan blue-Giemsa. After 2 h capacitation increased (P<0.01) in MBCD groups (39.2±1.4, 44.5±3.3, 56.7±1.5 and 62.5±3.8, with 1, 2, 4 and 8 mg/ml MBCD, respectively) compared to the negative and positive controls (27.5±1.0 and 28.0±0.8, respectively). Likewise, after 4 h the percentage of live capacitated sperm was higher at increasing concentration of MBCD (31.0±0.7, 34.5±1.7, 42.0±1.9, 49.2±2.8, 62.3±1.5 and 70.8±1.7 in negative control, positive control and with 1, 2, 4 and 8 mg/ml MBCD, respectively; P<0.01). After 2h sperm motility was lower (P<0.01) in 4 and 8 mg/ml MBCD groups (43.3±2.1 and 25.0±3.2, respectively) than in negative control, positive control, 1 and 2 mg/mlMBCD groups (55. 0±1.8, 48.3±2.8, 61.7±2.8, 56.7±1.1, respectively). After 4 h the lowest sperm motility was observed with higher MBCD concentrations (40.0±0.0, 46.7±4.2, 51.7±4.6, 50.0±0.0, 40.0±3.7 and 6.7±1.1, in negative control, positive control, 1, 2, 4 and 8 mg/ml MBCD, respectively; P<0.01). In conclusion, MBCD improved sperm capacitation in a dose-dependent manner while decreasing the sperm motility at higher concentrations.
INTRODUCTION
The water buffalo (Bubalus bubalis) is an irreplaceable producer of both energy and protein in developing countries. In the current scenario, the best tool to enhance the maternal contribution to genetic improvement is ovum pick-up (OPU) and in vitro embryo production (IVEP). In fact, although the efficiency of both multiple ovulation and OPU-IVEP in this species is mainly affected by the low number of oocytes recovered, the latter technology gives higher embryo yields in long term programs [1] . Despite the great improvement of IVEP efficiency recorded in recent years in buffalo [2] , the cleavage rate is still lower than in most domestic species, suggesting that in vitro fertilization (IVF) is a critical step [1] . Many factors are known to affect IVF efficiency, such as the sperm quality, the bull, the environment, the appropriate time of insemination, as well as an appropriate capacitation of frozen-thawed sperm. Indeed, sperm need to undergo capacitation to acquire fertilizing ability. This process, which occurs in vivo within the female genital tract, must be induced in vitro. It is not possible to rule *Address correspondence to this author at the Department of Veterinary Medicine and Animal Production, Federico II University -Via F. Delpino 1, 80137 Naples, Italy; Tel: +390812536284; Fax:+39081292981; E-mail: bgasparr@unina.it out that sperm capacitation is impaired in the buffalo IVF system currently used.
Mammalian sperm undergo a series of molecular, biochemical and physiological modifications in the female reproductive tract that are collectively known as capacitation that enables the spermatozoa to interact with egg investment at the right time at the right place [3, 4] . The capacitation-associated modifications in spermatozoa include changes in plasma membrane structure, mainly cholesterol efflux, leading to an increase in membrane fluidity, bicarbonate (HCO 3 -), intracellular pH, Ca 2+ and cAMP levels. In addition, changes in protein phosphorylation and protein kinase activity occur that are necessary to initiate sperm-egg binding and acrosome reaction (AR) [5, 6] . Uterine and oviductal fluids contain sterol-binding proteins that facilitate sperm capacitation in vivo [7, 8] . It has been reported that bovine serum albumin (BSA), highdensity lipoproteins and newly discovered nonphysiological cholesterol acceptors called betacyclodextrins facilitate in vitro cholesterol removal from sperm [9] .
Beta-cyclodextrins ( -CDs) are non-physiological cyclic heptasaccharides consisting of 7
(1-4)-glucopyranose units, having a high affinity for sterols, that are often used to investigate the role of cholesterol in somatic cell types [10] [11] [12] [13] . Beta-cyclodextrins have the ability to release cholesterol from a variety of cells in culture [10, 11, 14] and selectively extract cholesterol from the plasma membrane in preference to other membrane lipids [15] . It has been reported that the order of potency in accepting cholesterol is methyl--cyclodextrin (M--CD) > OH-propyl--cyclodextrin (2-OH-p--CD) > -cyclodextrin ( -CD) [10] . Although -CD are not biological molecules of the female reproductive tract, they can be used as highly efficient cholesterol acceptors to investigate the role of cholesterol release as an early event of in vitro sperm capacitation and AR [6, 16] . It has been demonstrated that the addition of -CDs (M--CD and 2-OHp--CD) to the capacitating medium promotes the release of cholesterol from sperm plasma membrane and induces capacitation and AR in a protein free medium in mouse [17, 18] , boar [19] , bull [4, 18, 20, 21] , buck [6] and human [22] . It has also been reported that -CDs increase protein tyrosine phosphorylation in the absence of BSA with a pattern similar to that observed in media containing BSA, depending on cAMP and on the presence of NaHCO 3 in the capacitation medium [18] . Furthermore, the pre-incubation of bovine sperm with MBCD has been shown to decrease the frequency of live sperm, although enhancing the capacitation and AR of live sperm and promoting in vitro fertilization and embryo development [21] .
Therefore, the aim of the present study was to evaluate the efficiency of different concentrations of MBCD (1, 2, 4 and 8 mg/ml), at two incubation times (2 and 4 h), to induce in vitro capacitation of frozenthawed buffalo sperm. This was indirectly assessed by estimating the capability of spermatozoa to acrosome react following incubation with lysophosphatidylcholine (LPC), a fusogenic lipid known to induce AR in capacitated sperm without affecting motility.
MATERIAL AND METHODS
Unless otherwise stated, all reagents were purchased from Sigma (Milan, Italy).
Spermatozoa were prepared from frozen/thawed semen, obtained from a Mediterranean Italian buffalo bull previously tested for IVF in our laboratory. Frozen sperm were thawed at 37 o C for 40 sec and selected by centrifugation (25 min at 1500 rpm) on a Percoll discontinuous gradient (45-80%). The pellets were reconstituted into 2 ml of sperm TALP medium and centrifuged twice, at 1100 and 900 rpm for 10 min.
After centrifugation, the sperm pellets were resuspended to a final concentration of 20 10 6 /ml in Tyrode albumin lactate pyruvate (TALP) medium containing 0.2 mM penicillamine and 0.1 mM hypotaurine (IVF medium) modified according to the experimental groups. In particular, sperm were incubated in the IVF medium in the absence of capacitating agents (negative control), with the standard concentration of heparin (10 g/ml, positive control), and with different concentrations of MBCD (1, 2, 4 and 8 mg/ml) in a controlled gas atmosphere of 5% CO 2 at 38.5 o C in humidified air for 2 and 4 h.
Samples of semen were assessed immediately after thawing to evaluate motility, viability and the incidence of acrosomal loss in non-treated cells. Following incubation, sperm motility was examined by phasecontrast microscopy at 40 and 100 magnification on a clean and dry glass slide maintained on thermoregulated stage at 37°C. On the basis of the mass activity semen motility was evaluated as previously described [23] with slight modifications, i.e. graded into scores from1 to 10.
Capacitation was assessed indirectly by estimating the percentage of acrosome-reacted sperm after 15 min incubation with 60 g/ml LPC, a fusogenic agent known to induce AR only in capacitated sperm [24] in a controlled gas atmosphere of 5% CO 2 at 38.5 o C in humidified air. To evaluate the sperm viability and the AR, sperm were fixed and stained with dual staining technique [25, 26] . In particular, Trypan blue was used first to differentiate live from dead spermatozoa, then the dried smears were fixed in 37% formaldehyde and stained with Giemsa for acrosome evaluation by microscopic examination. At least 200 sperm cells were counted for each group. Based on staining characteristics of sperm cells we differentiated four categories: acrosome-intact live (AIL), acrosome-intact dead (AID), acrosome-lost live (ALL) and acrosomelost dead (ALD). We recorded as live only the sperm displaying both head and tail viable and as dead those with either the head or the tail unviable. The experiment was repeated three times.
Statistical Analysis
Data on sperm capacitation, motility and viability were analyzed using General liner Model (GLM) of SPSS version (16.0). The model included the effects of treatments (negative control, positive control and 1, 2, 4 and 8 mg/ml MBCD), incubation time (2 h vs 4 h) and their interaction. When analysis of variance showed a significant effect, the post-hoc test of Duncan was employed to detect the differences among treatments.
RESULTS

Effect of MBCD on Sperm Viability
The percentage of intact-acrosome live sperm at thawing was high (536/600 = 89.3%), indicating the good quality of semen used for this trial, and the percentage of acrosome-reacted live sperm was very low (4.5%). Sperm viability remained high both after 2 h (98.7 ± 0.5, 99.5 ±0.3, 99.8 ± 0.2, 100.0 ± 0.0, 100.0 ± 0.0 and 99.8 ± 0.2, in the negative and positive controls, and with 1, 2, 4 and 8 mg/ml MBCD, respectively) and 4 h incubation (99.5 ± 0.5, 100.0 ± 0.0, 99.8 ± 0.2, 99.3 ± 0.2, 100.0 ± 0.0 and 100.0 ± 0.0, in the negative and positive controls, and with 1, 2, 4 and 8 mg/ml MBCD, respectively).
Effect of MBCD on the Percentage of Live Capacitated Sperm
The capacitation rate was influenced by both the treatment (P<0.01) and the incubation time (P<0.01). As shown in Table 1 , after 2 h incubation no differences in capacitation, indicated by the percentages of AR sperm after induction with LPC, were observed between the negative and the positive control. On the contrary, it was demonstrated that MBCD promotes capacitation of frozen/thawed buffalo sperm in a dose-dependent manner, as indicated by higher percentages (P<0.01) of AR at increasing concentrations of the compound. After 4 h incubation an increase (P<0.01) in the percentages of capacitation was also recorded in the positive control compared to the negative control ( Table 1) . Furthermore, a linear increase (P<0.01) in the capacitation rate was recorded in the MBCD treated groups.
Effect of MBCD on Sperm Motility
Sperm motility was also affected by both the treatment (P<0.01) and the incubation time (P<0.01). A negative effect on sperm motility was observed with the two highest concentrations of MBCD, with the lowest (P<0.01) value recorded with 8 mg/ml MBCD ( Table 2) . This effect was overwhelming after 4 h incubation: 4 mg/ml of MBCD significantly decreased (P<0.01) sperm motility compared to the other groups; however, the poorest motility was recorded with 8 mg/ml of MBCD.
DISCUSSION
The results of the present study demonstrated that MBCD triggers the capacitation process of frozen/thawed buffalo sperm in a dose and timedependent manner. In fact, also at the lower concentration tested (1 mg/ml) MBCD increased capacitation rate compared to both the control groups, to reach double values with the highest concentration tested (8 mg/ml) at both incubation times. The results showed a progressive improvement of capacitation at increasing concentrations of MBCD. The capacitation process was also positively influenced by the incubation time, with higher values after 4 h. Interestingly, following 2 h incubation heparin failed to increase capacitation compared to the negative control, i.e. the group devoid of capacitating agents, whereas an increase was registered after 4 h. This finding is in agreement with previous reports [24, 27] , indicating that heparin requires longer time to induce capacitation of buffalo frozen/thawed sperm. In addition, it is worth Values with different superscripts within the same raw differed significantly; P < 0.05.
pointing out that the negative control contained BSA to preserve viability and it is known that BSA itself may trigger the capacitation process. Cholesterol efflux from the sperm plasma membrane is a key molecular event of capacitation [28] . When cholesterol is removed from the sperm plasma membrane the cholesterol/ phospholipid ratio of the membrane decreases, the lipid concentration changes, and hence the membrane architecture and fluidity modifies and the cAMPsignalling cascade is triggered.
It is likely that the promoting effect of MBCD on buffalo sperm capacitation is due to the cholesterol efflux induced on sperm plasma membrane. It was demonstrated that MBCD mediates cholesterol release from mammalian sperm in a concentration-dependent manner [18] and this may account for the linear increase of capacitation recorded in the present study. Our results are in agreement with previous studies that demonstrated the promoting effect of -cyclodextrins on the release of cholesterol from sperm plasma membrane and hence on the induction of capacitation and AR in a protein free medium in the mouse [17, 18] , boar [19] and bull [4, 18, 21] . However, in this work we evaluated the effect of MBCD on the capacitation of frozen/thawed buffalo sperm. It is known that cryopreservation promotes the premature capacitation of spermatozoa [29, 30] that may lead to the reduced longevity of cryopreserved spermatozoa in the female reproductive tract, without affecting the in vitro fertilizing ability. It was reported that MBCD improves fertilizing capacity of C57BL/6 mouse sperm after freezing and thawing by facilitating cholesterol efflux from the cells [31, 32] . Furthermore, the pre-incubation of bovine frozen/thawed sperm with MBCD affects viability and capacitation status of the sperm and promotes fertilization in vitro [21] .
Another finding of the present study is the significant decrease of motility recorded at greater concentrations of MBCD (4 and 8 mg/ml). This deleterious effect on sperm motility is particularly evident after 4 h incubation with the highest concentration of MBCD, not exceeding 10%. Therefore, MBCD at the two concentrations that determined the highest capacitation rates (4 and 8 mg/ml) negatively affected sperm motility. It was previously reported that when porcine sperm are treated with MBCD an increase in deteriorated cells is detected which is mirrored with reduction of sperm motility [33] . In the same study MBCD at concentrations >1 mM rendered sperm cells immotile. A decreased sperm motility was also observed by other authors [18] with concentrations higher than 1 mM on mouse sperm. In our study the deleterious effect on motility was recorded at higher concentrations (> 4 mg/ml, corresponding to 3 mM), despite the fact that sperm were frozen/thawed. Furthermore, sperm viability remained high in all groups, both after 2 h (99.6% on average) and 4 h (99.8% on average) incubation. In this trial we evaluated capacitation indirectly, by assessing the percentage of acrosome reacted sperm after exposure to LPC, a fusogenic agent known to induce AR only on capacitated sperm cells [25] . However, we cannot rule out that spontaneous acrosome reaction occurred after MBCD treatments. This is worth investigating as acrosome-reacted sperm are not able to bind to the zona pellucida of the oocyte and are, therefore, unable to fertilize the oocytes.
In conclusion, it was demonstrated that MBCD promotes capacitation/AR of buffalo frozen-thawed sperm in a concentration-dependent manner. It was also observed that at concentrations higher than 4 mg/ml MBCD significantly decreases sperm motility, 
